A set of six BVRI observations collected with the WFI at the ESO 2.2 m telescope have been used to derive multicolor data of Cepheids in IC 1613 identified in previous surveys. Since part of the previously known data were obtained only in VI filters or without filter (Wh) bands, the method of Freedman has been applied to get reliable mean intensity values of Cepheid magnitudes in the various bands. The resulting slopes of the relations in the BV I bands are similar, within the uncertainties, to those previously obtained by other authors for the LMC. The distribution of the Cepheids in the period-color diagrams is compatible with a change near P ∼ 10 d as observed in LMC. The distribution in the color-color diagrams is more similar to that in SMC, and this should be related to the very low metallicity of the galaxy.
Introduction
In the framework of a project dedicated to the detection of variable stars in galaxies of the Local Group and to the accurate study of Cepheid light curve shape, we have obtained complementary photometric BVRI data for Cepheids in IC 1613 with the purpose of discussing the period-luminosity (P-L) relation. Cepheids are primary distance indicators and an extensive literature exists on their observed and theoretical properties, the P-L relation and the application to cosmological distance calibrations. Given the importance of such distance indicators, it is essential to fully understand the effects of variables such as metallicity and age, and to correct carefully for reddening effects. Multiwavelength data can be helpful in this context. IC 1613 is a Local Group dwarf irregular galaxy with a low metallicity between -1.3 and -0.7 dex of its young population (Skillman et al. 2003) . The results of a survey for variable stars in this galaxy obtained by Baade between 1929 and 1937 were later published by Sandage (1971) . The resulting Cepheid P-L relation was rediscussed by Freedman (1988) , and data on additional Cepheids were furtherly reported by Carlson & Sandage (1990) . In 1995 we started a project dedicated to the CCD Based on observations collected at ESO-La Silla; programs 66.D-0075A, 67.D-0013A, 68.D-0056A.
Full Table 2 is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/445/901 photometric survey for variability in this galaxy, by using a small telescope, the Dutch 0.9 m at ESO-La Silla. The purpose was to obtain good light curves of Cepheids and to compare their shape with that of Cepheids in different galaxies of different metallicities, and with nonlinear pulsation model predictions. Owing to the smallness of the telescope and the need of a good S/N ratio, the photometric observations were performed with no filter, i.e. in white light Wh-band. The results of the survey were reported in the first papers of the present series, along with a discussion of the advantages and shortcomings of the technique (Antonello et al. 1999a, Paper I; Antonello et al. 2000, Paper III; Mantegazza et al. 2001, Paper IV) . The survey made by the OGLE group (Udalski et al. 2001 ) during 2000 in V and I bands allowed the authors to verify the possible effects of the different metallicity on the P-L relation in different galaxies. On the other hand, it was interesting to compare OGLE photometry results with ours (Antonello et al. 2002, Paper VI) in terms of the limiting magnitude. Freedman (1988) showed how to exploit nonstandard photometry (e.g. photographic) light curves and just few standard photometry data to get reliable mean values of Cepheid standard magnitudes. We noted the possible utility of the method for studying Cepheids in external galaxies. The time consuming observational surveys for variability can be performed with (relatively) small telescopes and no filter, and just few accurate standard photometry CCD observations with larger telescopes are needed. In the present paper we demonstrate furtherly the capability of the method in the case of IC 1613, and discuss the resulting P-L relation in the BVRI bands.
Observations
All of the observations with the WFI at the 2.2 m telescope of ESO-La Silla were performed in service mode. The WFI covers a field of view of 34 × 33 sq. arcmin and it includes eight CCD 2k × 4k detectors, with a pixel size of 15 µm corresponding to 0.24 arcsec. The typical readout noise is 4.5 e − /pixel and gain 2 e − /ADU. The adopted BVRI filters were the No. 842, 843, 844 and 845.
BVRI data were collected during four nights in 2000. The single exposure times were 800 s (B), 300 s (V), 300 s (R) and 800 s (I). Another BV and a BVR data sets were obtained during two nights in 2001, and in that case the exposure times were 950 s (B), 550 s (V) and 425 s (R). The total times were the sum of two single exposures in the BVR bands, and of four single exposures in the I band. Standard star observations for the transformation to the standard system were performed during five nights. Usually, twenty bias images were combined, while a sufficient number of images of the sky or dome were combined for a good flat field correction in the four bands. The log of observations is reported in Table 1 . The seeing ranged from 0. 8 in the R-band for the best night to 1. 9 in the B-band for the worst night.
The center, α = 1 h 04 m 50 s (2000), δ = +2
• 08 (2000), and most part of the galaxy IC 1613 was located in the chip 51 of the WFI. We preferred not to apply the "dithering" mode in order to avoid contamination from a very bright star, which was placed in the gap between two chips.
Data reduction
The reduction was performed using IRAF 1 ; each chip was treated separately. The images were de-biased and flat fielded. Since the CCDs are backilluminated, the I-band images (both flat and stellar fields) were de-fringed before the flat field correction; a special image of the fringes elaborated by ESO was used for this process 2 . The subsequent procedure included the trimming for the elimination of the overscan areas, the alignement and the sum. The profile photometry of the stars was performed using DAOPHOT and ALLSTAR programs. The images of each chip were not divided in subframes since the point spread function (PSF) did not appear to change significantly across them; the χ 2 value of the PSF fitting changed on the average of few percent, with the best values far from the more (slightly) crowded regions. The PSF model was derived iteratively. About 15-20 relatively bright and isolated stars were selected and the first approximation model was calculated. In the next step we subracted all the neighbor stars with the ALLSTAR program and derived the PSF model again. The PSF model obtained after four such loops was finally adopted. At the end of the process, the total number of the detected stars was about 15 000. The standard stars observed in service mode were not sufficient for an accurate calibration of the various images in the various bands. Moreover, the application of the zero-point correction maps supplied by ESO was not sufficient to solve the problem of the large-scale intensity variations (e.g. Koch et al. 2004 ). Therefore we adopted the photometry of the fields observed by Cole et al. (1999) and Udalski et al. (2001) to tie directly the observations of our best night (November 6, 2000) to the standard system. Subsequently, we found some differences from night to night, that is field photometry distortions which could not be corrected for by simple zero-point corrections. We applied a fifth-order, bi-dimensional polynomial fit to the magnitude differences of the stars between the images of the best night (used as template) and those of the other nights. The full Table 2 , available at the CDS, contains the BVRI photometry data of the 52 Cepheids (listed in Table 3 ), used for the discussion in the present paper. Equatorial coordinates were calculated using a template extracted from the Digital Sky Survey (DSS) and an algorithm based on the two IRAF tasks CCMAP and CCTRAN. The first task computed the parameters of a second-order bi-dimensional polynomial, and the second task applied the transformation. The mean differences of right ascension and declination are 0.
s 014 and 0. 28. 
Cepheids
The Cepheids are reported in Table 3 . The stars are identified with the numbers: a) "WFI", that is the number in the catalog for each of the three chips (1, 2 and 3) that contained the galaxy fields; b) "OGLE" of Udalski et al. (2001) ; c) "Wh" of our previous Papers I, III and IV. The table includes the improved period P and the mean BVRI magnitudes, that were obtained with the procedure described in the following. Of the 138 OGLE Cepheids, 104 objects were identified in our WFI images. Several unidentified stars were located in the gaps between the chips, while for three stars the identification was not possible since the maps supplied by OGLE did not correspond to a variable star position. Table 3 includes only the 52 stars that are considered fundamental mode Cepheids with P > ∼ 2.7 d, on the basis of their P and light curve shape (Fourier parameters). Cepheids with shorter period are excluded in order to avoid contamination with first overtone mode pulsators, and owing to the decreasing level of accuracy in the resulting photometry of fainter stars. The star OGLE 4840 with P = 4.01 d was also excluded since the multicolor photometry indicated that it should be a red variable.
Firstly the V band WFI and OGLE data were merged together. It resulted that four WFI observations were performed during the OGLE observing run itself, while the other two WFI observational data were taken one year apart. In general, the fitting of the light curves did not show large discrepancies in the V band, except for some data points or stars that resulted generally to be fainter than OGLE ones. An estimate was done of the possible transformation from Wh to V band light curves for the Cepheids observed in both bands, according to the Freedman's method. We have found that, on the average the amplitude must be divided by a factor 0.83 and a small phase shift of about 0.02 was considered. The examples of the phased data shown in Fig. 1 indicates that the procedure is acceptable. The P of the stars was generally improved by the merging of V and Wh band data. In some cases we have checked the possibility of merging also the old photographic data, and we decided to adopt the new P values only in the case of the Cepheids with the longest P.
The mean intensity values of the BVRI magnitudes were derived as follows. The V light curves of stars with OGLE and WFI data were Fourier analysed. The resulting V mean values in Table 3 are therefore not very different from those reported by Udalski et al. (2001) . The V (WFI) and Wh band data of four stars with no OGLE data were used to construct a V light curve, that was Fourier analysed in order to get the mean intensity value. The subsequent step was the estimate of the B and R mean intensity values for all the 52 Cepheids. We adopted the amplitude ratios V/B = 0.67 and R/V = 0.66 and phase shifts 0.03 (B, V) and 0.04 (V, R) (Freedman 1988) . The resulting mean values are not very sensitive to such adopted values, showing that the Freedman's method is quite robust. As regards the I band data, the quality of the WFI photometry turned out to be not very high, therefore we preferred to adopt the mean intensity values published by Udalski et al. (2001) . The I (WFI) data were used for three stars for which the OGLE Fig. 1 . V-band light curves of a sample of Cepheids with relatively long period in IC1613; diamonds: WFI data, plus: OGLE data; dots: Wh-band data converted to V-band. In each panel, an identification label and the period in days is reported. The first two rows show Cepheids observed both in the Wh band and by OGLE, the subsequent row show Cepheids detected by OGLE, and the last row shows some relatively faint Cepheids which were not detected by OGLE or with no OGLE V-band data. data were lacking. In this case we adopted a ratio I/V = 0.51 and a phase shift of 0.07.
P-L diagrams
The main characteristics of the P-L diagrams, shown in Fig. 2 , are those expected, that is the slope increases with the wavelength and the dispersion decreases with the wavelength. The formal P-L relations are the following: B = −2.48(±.16)(log P − 1.) + 20.99(±.06)
(1) V = −2.70(±.10)(log P − 1.) + 20.38(±.04) (2) R = −2.85(±.10)(log P − 1.) + 19.94(±.04) (3) I = −2.94(±.07)(log P − 1.) + 19.64(±.03).
As a comparison, the slopes of the relations for the BVI bands of the LMC Cepheids derived from OGLE data by Sandage et al. (2004) are −2.34, −2.70, and −2.95, respectively. The magnitudes must be corrected for the reddening, which is known to be rather small. We have tried to use the method of Madore & Freedman (1991) and the above relations to get an independent estimate. The model for the interstellar reddening of Cardelli et al. (1989) was considered, along with a value of R = A V /E(B − V) = 3.2, and with LMC as a reference. That is, the LMC absolute magnitude BVRI P-L relations of Madore & Freedman (1991) were adopted. Formally, we got The reddening is very uncertain. The method is not very robust since it is based on the differences between the coefficients of the P-L relations that have significant uncertainties. An improvement would be to fix the "universal" slope of the P-L relations, and this is closer to the method used by Madore & Freedman (1991) . Using only the BVI data and the relations given by Sandage et al. (2004) , we got E(B − V) = 0.024(±.030), while using only the VI data and the relations given by Udalski (2000) we got E(B − V) = 0.044(±.049). The formal uncertainty is always similar to or larger than the reddening value itself. The reddening estimate will be improved when additional near-infrared photometry of Cepheids in IC 1613 will become available (Pietrzynski et al. 2005) . For the present we will adopt the less uncertain value, 0.024. Since in the following we will compare our results with those of Tammann et al. (2003) and Sandage et al. (2004) , we will use µ 0 (LMC) = 18.54 and their BVI P-L relations. The corresponding distance modulus is µ 0 (IC 1613) = 24.50(±.12).
Instability strip, P-C and color-color diagrams
The absolute V magnitude is plotted against (B − V) 0 , (V − R) 0 and (V − I) 0 in Fig. 3 . The distribution of the stars of IC 1613 can be compared with the instability strip of LMC indicated by Sandage et al. (2004) Taking into account the position of the brightest Cepheids, the stars of IC 1613 are generally bluer than those of LMC, at a given absolute magnitude (or period), a result that could be explained by the lower metallicity of IC 1613. On the whole, the lower part of the instability strip (M V 0 > ∼ −4.2) of IC 1613 looks more vertical than that of LMC. It is interesting to note that the IC 1613 Cepheids are intrinsically bluer than their LMC counterparts in (B − V), but not so in (V − I). This contrast seems important for the selection of bandpasses to be used in extragalactic distance scale work with Cepheids: it argues for the universality of Cepheid P-L relations in V and I, and cautions against the use of a combination of B and V P-L relations.
The period-color P-C diagrams are shown in Fig. 4 . The comparison with the LMC P-C relation reported by Sandage et al. (2004) suggests that the distribution of the IC 1613 stars could be compatible with a break of the P-C relation at P ∼ 10 d analogous to the LMC one. The few stars with P > 10 d do not allow to verify whether also the P-L relations are compatible with the possible break observed in LMC. The (B − V) 0 plot suggests a systematic difference with respect to the LMC P-C relation; this is more evident if we exclude the five "red" outliers.
Finally, the (B − V) 0 vs. (V − I) 0 diagram is shown in Fig. 5 , where the distribution of IC 1613 stars is compared with the mean position of Cepheids in LMC (dotted line) and SMC (continuous line) taken from Tammann et al. (2003) . The Cepheids of IC 1613 are more similar to those of SMC; those with longest P suggest an even larger separation from the LMC line than that of SMC. The P-C and color-color diagrams indicate therefore systematic differences between IC 1613 and the Magellanic Clouds. They could be explained by the lower metallicity of IC 1613. The uncertainties on the reddening estimates do not affect these conclusions.
Conclusion
A few WFI BVRI observations have been used to derive multicolor data of Cepheids identified in previous surveys of IC 1613. The method of Freedman (1988) has been applied to get reliable mean intensity values of Cepheid magnitudes in the various bands. The method appears to be rather robust, and it is worth to extend it to other galaxies. Moreover, it would be worth to better define the shorter period part of the P-L relations by means of few deeper WFI observations. The slopes of the BVI P-L relations obtained in the present work are consistent, within the uncertainties, with those previously obtained by other authors for LMC. The distribution of the Cepheids in the period-color diagrams is compatible with a change near P ∼ 10 d as was suggested for LMC. The distribution in the diagrams is more similar to that in the SMC, and this should be related to the very low metallicity of the galaxy.
